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the ixeparation of a scratch resistant paint formulation, 
conprising combining a resinous birxier, proteinaceous 
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the present invention relates to the use of proteina- 
ceous material for increasing the scratch resistance of 
paint films. In yet another aspect, the present invention 
relates to the use of proteinaceous material for adjust- 
ing, arxi preferal}ly pitdon^ng, the open time of a paint 
formulation fim. 
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Description 



the present invention relates to the field of liquid paint formulations which comprise proteinaceous material. LiqukJ 
paint formulations are composed of a resin or binder and a volatile dispersion medium (solvent or ncm-sotvent). In the 
5 following the dispersion medium will k>e refen-ed to as the "solvent". These formulations can contain additives such as 
pigments and fSlers. In that case, a suspension of finely (fivided pigment and filler particles is formed in a liquid binder 
system. The vdaHle solvent evaporates from the drying film after appiicatioa wfiile the txnder holds the pigment in the 
dry film and causes it to adhere to the substrate. 

In this description and the appending claims, the term '^pairrt" also encompasses lacquers, varnishes and spars, or 
10 similar coatings for all lands of sut)strates. More in particular, such coatings can be appGed on paper, wood, metal, 
glass, plastic stone, concrete and so oa 

"Resin" or l)inder is defined herein as linear, branched or (partly) crosslinked oGgomers or polymers. 
Roughly, paint formulations can be sutxlivkjed in organic solvent containing systems and wato'-based systems. 
Of the organic solvent containing systems, an important part is formed by aikyd formulatiais. which corrprise syn- 
IS thetic reans made from fatty acids or fatty oils, polytsasic adds and polyhydric alcohols. 

In a preferred emtxxfiment. the present invention relates to water-based paint compositions, including latexes and 
polyacrylate type cornpositions. Such compositions use water as volatile solvent or dispersion medium. Water tends to 
evaporate rapidly from drying paint films. This makes that application of the paint, e.g.. by using a brush, may rather 
easily leave marks. In the art, it is said that water-based paints generally have short open times. To solve this problem. 
20 it is proposed to add more skTwty evaporating additives. e.g. glycols, to the aqueous phase. Such adcfitives maintain the 
film open for a prolonged time. 

In accordance with the present invention, it has now been found that protieinaceous material can be used to influ- 
ence the drying tinf>e of paint formulations and to adjust the open time of paint formulations. The term "open tmie" is 
defined as the period of time wherein an applied paint layer is ftukl enough to make a stripeless touch up. 
25 in addition, it has been found that the saatch resistance of pairitcoatirigs can be inr^^ 
proteinaceous material in the paint formulation. 

The present invention, hence, relates to a process for the preparation of a scratch resistant paint formtdation, 
and/or formulation having an improved open time or drying time, comprising combining a resinous binder, proteina- 
ceous material, conventional additives and a solvent and dispersing tiie combination obtained. The term >roteina- 
30 ceous materiar comprises polymers essentially cons^ng of anruno add residues. This broad deftnition encompasses 
natural proteins as well as processed or modified proteins tiiat may have modified characteristics, ag., different solu- 
bilities or visoosities. such as partially hyctolyzed proteins, denaturated proteins or proteins containing certain sut>stit- 
uents, as well as synthetic polypeptides and synthetic oligopeptides, comprised of one or more types of arrano adds. 
The advantage of synttietic oligomers and polymers is that such materials can have a very high purity. 
S5 In essence, all available proteins, optionally after chemical, enzymatical and/or physical modification, can be used 
in the paint formulations prepared in accordance with the present invention. Generally, however, only industrial proteins 
are used, industrial proteins are proteins which are available on a kitolon scale. Examples are wheat gluten, corn glu- 
ten, soy proteins, casein, collagen, gelatin, keratin emd whey proteins, as well as derivatives of these proteins. 

The various proteins differ from each other in functional properties such as water solutnlity, film forming properties. 
40 adhesion, emuteifying and foaming properties. Further, tiie various protelris differ in price. The person skilled in the art 
will primarily take Into account both ttie inherent properties of the proteins and their prfoe in order to find an econonrucal 
. interesting protein source. 

Since proteins are txjilt vp from many different reactive amino adds e.g. corrtaining (pending) anuno, cartxixylic, 
hydroxyl. amide, mercapto moieties, there are many possibilities to adjust the functional properties of a protein to tiie 

45 demands of an application by means of chemical and/or enzymatic modifications. Exanples of chemical modification 
reactions include reactfon with anhydrides, ettiylene imine. add chforide/akjehyde. diantine/cartxxBinvde, as well as 
deanrvdation. esterification and thfolation reactions. These reactions and ttie reaction conditions are known to the skilled 
person. The solut>ility of a protein will increase if charged groups are incorporated. This can for example be achieved 
during a deamidation reation in which asparagine and glutamine (amide residues) are being transferred into respec- 

so tively aspartic and glutamic add. In wheat gluten the amount of asparagine and glutamine is about 40%, so for tiiis pro- 
tein deamidation is very effident to increase the water solut>ility and tiie stak>ility of tiie dispersion/solution. In addition 
to deamidation also suodnyiation. hydrolysis and the attachment of hydropfviic groups (antino, hydroxyl) inaease the 
solut)ility. 

In contrast with making a protein more hydrophilic. incorporation of hydrophobic groups can make a protein more 
55 lipophiHc. Commerdally avaitat)le reagents exist which contain botii an alkyl/branched alkyi segment which differs in 
chain length (generally ranging from C6-C20. altiiough longer and shorter chains are possible) and a reactive group, e.g. 
add. add chforide. sutfonyl chforidei akiehyde or epoxide. 

Another route to hydrophobize proteins is to polymerize (hydrophilic, charged or hydrophobic) monomers (e.g. 
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acrylics) to the protein backbone, resulting in a polymer giafted to the protein. The grafted product can be the desired 
t>y-product in the (emulsion) polymerization of monomers onto or in the presence of proteins. The reactions and reac- 
tion cofKfitions are known to the skilled person. Moreover, proteins can be coupled to a polymer by first blending the 
protein and the binder, followed by a chemical or physical attachment of the synthetic binder to the proteia 
5 The scratch resistance of the paint coatings appears to be importantly increased when at least 2 wt%, preferably 
at least 5 wt%. more preferably at least 1 0 wt.%: and most preferably at least 20 wi% of the resinous binder is replaced 
by proteinaceous material. Hence, the w^ht ratio of resinous binder to proteinaceous material is t)etwe6n 1/99 and 
95/5. 

QeneraRy, the prot^naceous material is added in an amount of t>etween 1 and 20 wL% drawn to the weight of the 
10 total composition. 

The solvent system used in the paint formulations prepared in accordance with the present invention can be an 
aqueous system, an organic solvent, or a mixture of solvents. 

In a preferred errixxiiment. the resinous binder is of tfie polyacrylate type. Resinous binders of this type enoom- 
. pass (meth)acrylates. (m6th)acrylics, acrylk: resins, and various random, alternating, t)lock or tapered copolymers and 
IS interpolymers containing (meth) acryl monomers. 

However, other types of resinous binders, inclusive of alkyd resins, and other polymers based on copolymerizable 
vinyl monomers, such as vinylaryl substances, nitriles and/or dienes, can be used in comttnation with the proteina- 
ceous material as well. 

Polyacrylate homo-, co- and interpolymers are used in the coating industry on a large scale, for instance as txnder 
20 in water-based paint arxJ ink formulations, good resistancy to water and organic solvents, and a suffk:ient weather 
resistance. However, polyacrylate coatings have two well-recognized imperfections, which make tftat painters still prefer 
to apply alkyd resin containing, commonly organic solvent based, paint formulations. Acrylate resin containing formula- 
tions have a short open time as compared with alkyd resin containing conpositions: and aaylate containing formula- 
tions gm coatings having a relatively low scratch resistance, asp. when compared with polyuretiiane resin containing 
25 formulations. 

A general formulation of protein containing paint fonnulations based on total formulation weight may conprise 

5-80 wt%. preferat)ly 20-40 wL% of a binder; 
1-30 wt%, preferably 1-10 wt% of protein; 
30 0-60 wt.%, preferably 0-50 wt.% additives e.g. pigments and filters; 

0.2-20 wt.%. preferably 0.5-10 wL% processing aids, such as stabilizers, wetting agents, preservatives, plastidzers 

for t>fnder and protein; and 

20-80 wt%, preferably 20-50 wt% solvenL 

35 In another aspect, the present invention relates to the use of proteinaceous material for increasing the scratch 
resistance of paint f Qma Saatch resistance is a very important characteristic of paint formulations, for instance and 
especially for wood lacquers, f kx)r polishes, car top coatings, furniture coatings, overprint varnishes and do-it-yourself 
paints. In these emtxxliments. it is preferred that the proteinaceous material has a good f nm-fbrming capacity in the sol- 
vent system or dispersion medium used. 

40 Compared witii known paint formulatk^ns. especially good results are obtained for water-t>ased paint formulations. 
However, improved scratch resistance can t>e obtained in organic solvent systems and^ high solids conpositions, as 
well. 

In the solvent system used, tiie proteinaceous material preferat>ly forms good films to give inrprovements in scratch 
resistance. This film forming activity is dependent on the protein material used in combination with the solvent system 
45 used. It is important tor a good, uniform scratch resistance that the proteinaoeous material is well-solut3le or well-dis- 
persit^le in the (solvent system of the) paint formulation. The proteinaceous material can be modified, derivatized or 
mixed with other proteins to obtain a good film forming capacity in the paint formulation, vi^ille, if needed, surfactants 
can be added to obtain a good solid3ility/dispersibiIity. 

It is also possfole to couple proteins used and the polymers. e.g. by grafting monomers onto tiie protein, or by reac- 
50 tion of the protein with the polymer binder. 

Moreover, it m£^ be suital3le to add plastidzers for the proteinaceous n^terial and/or the resinous binder. Useful 
plastidzers are e.g. glycerols for the proteinaceous material, and e.g. butylglycol acrylate resins. 

As indicated herein-above, the present inverrtion is also directed to the use of proteinaceous material for adjusting, 
and preferat)ly prolonging, the open time of a paint formulation film. Witiiout being wished to be bound to a certain the- 
55 ory. it is assumed that the open time of paint formulations is regulated or controlled by the swelling t>ehavfour or solvent 
at)Sorption of tiie proteinaceous material and, to a lesser extent, the txnder material. In fact, the amount of proteina- 
ceous material suitat)ly be used in the formulations of the inventions to obtain the effects found in accordance with tiiis 
invention, is govemed t>y tiie possttxlity to at>sorb solvent. 



3 



EP0 869159A1 



In acooidance with the present invention, it has been found that the drying time of paint formulailonSk esp. of water- 
based fbmrulations, can inaease considerably, e.g. up to 400%. dependent on the type of pfoteia the percentage of 
protein and the nrKxfification of the protein, of course in combiriation with the solvent syst^ used. 

Possit)ie effects of the protein on the film appearance, the water resistance of the coating (as tested for instance by 
s means of a water spottest) and a\h& coating properties can be compensated by use of (preferatily chemical} modifica- 
tions of the protein such as hydrophilization and hydrophobizalion or crosslinking of the protein molecules. The reac- 
tions and reaction conditions are known to the sMiled person. 

The concepts *'drying time* and *'open time" are rdated; however, it cannot be said that tiie relation between tiiese 
terms is directiy proportional. The relation depends on the nature of the protein and the binder, and may depend on tiie 
10 solvent system used. 

In the paint formulations of the present invention, conventional additives can be present These additives may be 
pigments (kxsth inorganic and organic), and binders. The pigment confers the hiding (covering) and coloring power of 
tiie paint Normally, it also contrSxites to the duratnlity of dry film 

The present invention will be illustrated more in detail, while referring to tiie following, non-limiting examples. In the 
15 examples, percentages are percentages t^y weight, unless ottierwise indicated. 

Irttroduction to the examples: Preparation of acrylate polymer and protein contairwig formulations. 

In the following examples, all norvpigmented applied formulations had a total soOds content of 20 wt%, that is 20 
g solid material in 80 mL of water. In practice, higher solids contents will be preferred and be possible. Dispersions or 
solutions containing only protein were prepared by slowly adding 20 g of proteinaceous material to 80 mL water (pref- 
20 eratjiy denHneralized) under vigorous stining, using a sieve to improve dispersability of non-water solidble proteins (see 
in ttiis respect NL A 9201805. arxJ EP-A-0 593 123). To obtain 20% acrylate dispersions, commercial products were 
diluted to obtain the desired concentration. AH dispersions in these examples were prepared at pH 8. 

When combinations of acrylates anti proteins were used, either solid protein or a protein solution were added to a 
diluted acrylate dispersion. f=or instance, a formulation containing 80% acrylate and 20% protdn on soGds t>asis. was 
25 prepared by addition of 2 g protan to a dispersion of 8 g acrylate binder in 79.6 mL water. Sii)se(^entiy. 0.4 g glycerol 
was added as plastidzer for protein. If necessary, butylg^ycoi was added as a plastidzer for the acrylate binder. The for- 
mulations were used 24 hours after preparation and applied on selected sitetrates. 

Appfication 

30 

R ms were applied by means of a doctor t)lade or a wire bar. Film tfiickness of the applied w^ films ranged from 30 
^ up to 300 ^m. Fims were conditioned for 24 hours at S2^C before character^ 

Substrates: FSms were applied on Leneta 2-C opacity testcands and on glass substrates. 

35 Characterizations 

FUm appearance: 100 fim wet film on Leneta 2-C opacity testcard. The coating should form a film (no cracks) and 
be transparent on both coated and uncoated surface of testcard. 

Drying time: A 30 |im wet film was applied on Leneta testcard by a doctor blade. All dispersion had equal solid con- 
40 tents. The time needed to dry ttie complete f ilm was measured as the drying time. Al! measurements were carried out 
in three-fold: The normalized drying time is defined as the drying time of the proteln/acrylate dispersion divided by the 
drying time of tiie neat acrylate cfispersion (equal solids content). 

Scratch resistance: Rims of 1 00 ^m wet thickness on Leneta 2-C opacity testcard were tkied and tested after f rst 
conditioning at 52''C (24 hours) and subsequentiy at 23*'C/60% RH (24 hours) and judged by nail scratching. The resutt- 
45 ing gtoss difference and surface damage were judged. High scratch resistance was denoted as 5. tow scratch resist- 
ance as 1. 

The folkiwing resins and proteins have t>een used in the example& 

Resins: 

so 

Joncryl 8300 (SC Johnson Polymers) 
sex 8085 (SC Johnson Pdlymers) 
sex 8222 (SC Johnson Polymers) 
XK55 (Z&ieca Resins) 

55 

Proteins 



Soluble wheat protem (SWP. Amylum) 
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Soy L (Unisol) 
Casein (OMV Campina) 
Gelatin (Sancvi) 

5 Example 1 

Exanrple 1 shows the inlluence of the type of protein on the drying time of Joncryl 8300 after addition of 10 wL% 
protein t>ased on acrylate binder. By variation of the protein (equal weight percentage in all formulations), a iarge vari- 
ation in drying time coutd be obtained. A film with the highest transparency was formed with gelatin. 
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Joncryl 8300 




Normalized drying time 


No protein 


1 


10%soy (w/w) 


1.1 


10% gelatin (w/w) 


1.4 


10% SWP (wM) 


2.5 



Examplo2 

25 Example 2 shows the influence of the type of protein on the drying time of SCX 8085. Drying time depends both on 
the type of acrylate resin (compare with example 1 ) and on the protein type. SWP and casein f Oms had very good film 
appearance* showing smooth, transparent films containing no cracks. 
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SCX 8085 




Normalized drying time 


No protein 


1 


10% SWP 


1.1 


10% soy 


1.2 


10% casein 


2.3 



40 

Examples 

The influence of the protein content on drying time of Joncryl 8300 is shown in Example 3. After addition of only 
10% protein, an increase of 140 and 250% can be obtained with gelatin and SWP. respectively In the case of gelatin. 
45 at all protein concentrations transparent films were formed. SWP films containing 10 wL% protein had a good film 
appearance, films containing 50 wt.% SWP were slightly hazy. 



Jonayl 8300 


% protein 


Normalized drying time 




Gelatin 


SWP 


0 


1 


1 


10 


1.4 


2.5 


50 


4 


4.5 
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(oontinued) 



Joncryl 8300 


% protein 


Normafized drying time 




Gelatin 


SWP 


100 


4.8 


4.7 



Example 4 

10 

The influence of the protein content on the drying time of XK55 is shown in Example 4. Both scy and casein 
incr^ise the drying time by >200% upon addition of 10 wL% or more protan. Casein containing films were transparent 
at all protein concentrations. 

15 



XK55 


% protein 


Normafized drying time 




Soy 


Casein 


0 


1 


1 


10 


2.8 


2.9 


20 


4.1 


5.9 


100 


5.4 


7.4 



In Figure 1 . the drying time test date of the results of examples 1 -4 are shown. 

30 

ExampteS 

Example 5 shows the influence of modification of casein (attachment of polar amine groups) on the drying time of 
sex 8222. The incorporation of additional functional groups to the protein aeates the possibility to perform sut)sequent 
35 reactions such as crosslinking. Therefcyy. coating properties can be varied and improved if necessary. Attachment of 
polar groups increases tiie drying time of the protein solution, and of the protein/aaylate blend. 
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SCX-8222/Gasein modification 


% protein 


Normalized drying time 




Non-modified 


mocfified 
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10 


1.2 


1.3 


50 


1.8 


2.0 


100 


4.6 


5.4 



SO 

Examples 

The influence of the binder type in a paint formulation on tx>th the drying time and scratch resistance is shown in 
55 Example 6. The paint fbrnrulation contained 48 wt% binder and 50 wt.% pigments. 

The scratch resistance of the dry films increases signif icantiy if the synthetic kMnder is completely replaced t)y the 
(non-modified) casdn binder in exactly the same formulation. The drying time is not affected if casein is used. Thus, it 
is possible to adjust the scratch resistance irKlependenfly of the drying time. 
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Binder 


Normalized drying time 


Saatch resistance 


SCX-8222 
casein 


1 
1 


3 

4-5 


1-5; 1 is low scratch resistance. 5 is high scratch resistance. 
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Example? 

The influence of SWP and casein content on scratch resistance of Joncryl 8300 is shown in Example 7. Protein 
coatings have a higher scratch resistance than acrylate coatings. Upon addition of ^ 5 wL% protein to acrylates, the 
IS scratch resistance increases. Casein containing acrylate films appear homogeneous at all compositions. Due to phase 
separation in SWP f Oms upon addition of 50% SWP. the scratch resistance equals that of the pure protein film. 



Joncryl 8300 


% protein 


Scratch resistance 




Casein 


SWP 


0 


2 


2 


10 


3 


3 


50 


3 


4 


100 


4 


4 


1-5; 1 is low scratch resistance, 5 is 
very fvgh scratch resistance. 



Claims 

3S 

1 . A process for tiie proration of a scratch resistant paint formulation and/or fornujiation having an improved open 
time, comprising combining a resinous binder, proteinaceous material, conventional additives and a solvent, and 
dispersing the combination obtained. 

40 2. The process of claim 1 , wher^n the weight ratio of resinous binder to proteinaceous material is between 1/99 and 
95/5. 

3. The process of claim 1 or claim 2, wherein proteinaceous material is added in an amount of betwem 1 and 60 
wt.%. preferably between 5 and 20 wt.%, drawn to the weight of the total composition (based on solids). 

45 

4. The process of one of the preceding claims, wherein the resinous binder is selected from the group consisting of 
(meth)acrylates. (metti)acrylics, acrylic resins, copolymers and interpolymers containing (meth)acryl nx>nomers. 

5. Paint formulation, comprising 

so 

5-80 wt.% of a resinous binder; 
1 -30 wt.% protein, 20-80 wt% solvent 
0-60 wt% pigments and fillers; and 
0.2-10 wL% processing adds. 

55 

6. Use of prote'naceous material for increasing the scratch resistance of paint films. 

7. Use of proteinaceous material for adjusting, and preferably prolonging, the open time of a paint formulation f flm. 
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8. Use aooording to daim 6 or daim 7. wherein the proteinaceous material is based on an industrial protein, and deriv- 
atives thereof or based on oligo and pdyp^stides containing one or more different types of anvno adds. 
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Protein content (%) 



Figure 1 
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